Abstract. It is of benefit to the efficiency improvement of direct dry cooling generating units to investigate the operation adjustment approach of axial flow fans. On the basis of a 2×600MW direct dry cooling power plant, thermo-flow performances of the generating units at various wind speeds and directions are obtained by means of CFD method. It is found that an increase in rotational speed of the upwind axial flow fans in the first row will result in a decrease in the net power output. However, it will increase when the rational speed of all axial flow fans except the axial flow fans in the first row is raised. Finally, elevating the rotational speed of all axial flow fans will result in an improvement of net output at low wind speeds but a decrease at high wind speeds.
Introduction
The air-cooled condenser (ACC) has wide applications in the past decades [1] . For a 600MW direct dry cooling power generating unit, the ACC composes of 56 or 64 axial flow fans in the diameter larger than 9 m. The power consumption of axial flow fans generally reaches more than 6 MW, which occupies over 1% of the turbine power output and leads to a higher net coal consumption rate.
Numerous literatures have focused on the flow and heat transfer characteristics of air-cooled condenser under ambient wind conditions. Van Rooyen and Kroger [2] found that the ACC performance deterioration is mainly resulted from the fan performance drop. Likewise, Hotchkiss et al. [3] studied the effect of cross flow on the axial flow fan performance of air-cooled condensers. With CFD method, Duvenhage and Kroger [4] found that the cross winds can significantly reduce the air flow rates of the upwind condenser cells and the winds along the longitudinal axis will cause severe hot plume recirculation. Yang et al. [5, 6] numerically studied wind effect on the thermo-flow performances and its decay characteristics for air-cooled condensers in a power plant.
To weaken the adverse impacts of ambient winds on the thermal-flow performance of ACCs, various measures have been proposed. Yang et al. [7, 8] proposed the periphery fans regulation and configuration optimization of wind-break walls against the unfavorable wind effect. Gao et al. [10] and Yang et al. [9] suggested the installation of flow guiding devices below the ACC platform to improve the thermo-flow performances. Owen and Kroger [11] suggested the porous wind screens installed in a cross-type arrangement below the fan platform to improve ACC performance. Yang et al. [12] proposed that the increase of the blade installation angle of the peripheral fans can weaken the unfavorable effect of cross winds on the cooling air flow rate of the windward condenser cells. He et al. [13, 14] numerically investigated the influences of the blade installation angle and the rotating speed of the windward axial flow fans on the performance of the air-cooled power plant.
From the aforementioned studies, it can be seen that the ambient winds are basically disadvantageous to the performance of the air-cooled condensers. As an effective method, the adjustment of the axial flow fans is proposed to improve the thermo-flow performances of the air-cooled condensers. In this paper, the impacts of the super-frequency operation on the thermo-flow performances of the air-cooled condensers will be thoroughly investigated. The study can also contribute to the optimal operation of the axial flow fans for the air-cooled condensers in power plants.
Model Development
On the basis of the typical 2×600 MW direct dry cooling power plant, two conjoint ACCs are taken into consideration. For each ACC, 56 (7×8) condenser cells are arranged in a rectangular array. Fig.1 shows the air-cooled condensers and the main buildings in a 2×600MW direct dry cooling power plant. As is well known, the upwind condenser cells are seriously affected by the ambient winds. For all the three wind directions of interest in this paper, three cases of the axial flow fan adjustment are taken into account. For the first case, all the axial flow fans are operated at the rated rotational speed of 79 rpm, named as case-0. Then the upwind axial flow fans in the first row or first column operate at a rotational speed of 86.9 rpm increased by 10%, designated as case-1. For the third case, axial flow fans except the upwind axial flow fans in the first row or first column operate at the increased rotational speed of 86.9 rpm termed as case-2. For the fourth case, all the axial flow fans operate at the increased rotational speed of 86.9 rpm named as case-3. The wind directions and the corresponding operation ways of axial flow fans are schematically shown in Fig. 2 The computational meshes are generated with the commercial software Gambit. In the central domain with the air-cooled condensers and main buildings, the tetrahedral unstructured grids are used. For other zones however, the hexahedral structured grids are adopted. The grid independence is tested to make sure that the simulated results are not related to the mesh quality and density, and the final girds number of the present model is about 2, 395, 550.
The steady state governing equations of the air-side fluid and heat flows take the following form
where v j is the velocity in the x j direction, φ, Г φ , S φ represent the variable, its diffusion coefficient and source respectively. The expressions of these parameters are listed in Table 1 . 
Results and Discussion
To At the wind speed of 15 m/s, the streamline and temperature contour fields in the vertical cross section through the column 8 are shown in Fig. 3 . It demonstrates that the inlet air temperatures of axial flow fans in the upwind Row 1 and the adjacent rows both go up with increasing the wind speed. Therefore, the higher the wind speed, the more serious backflow phenomenon of the windward condenser cells forms. What's more, the reversed air flows into the adjacent Row 2 condenser cells, resulting in a rise of the inlet air temperature of the corresponding axial flow fans. As shown in Fig. 4 , the inlet air temperature and mass flow rate distributions of each axial flow fan at the wind speed of 15 m/s. The inlet air temperatures of the axial flow fans in the upwind Row 1 are extremely high. It can be seen from Fig. 4 that the mass flow rate of cooling air through some condensers in the Row 1 illuminates a conspicuous decline and even a negative value, while there is a certain increase in the two rows leeward. It demonstrates that the increase of wind speed results in the deteriorated thermo-flow performances of the axial flow fans in the frontal rows but a positive effect on that of the leeward rows. To better clarify the influence of the fan rotational speed on the thermo-flow performances of ACCs, the average inlet temperature and total mass flow rate of ACCs for different cases at various wind speeds are shown in Fig. 5(a) and (b) . It can be clearly observed in Fig. 5(a) that after adjusting the rotational speed of the axial flow fans in different zones, the average inlet air temperature of ACCs is always higher than that of ACCs at the rated rotational speed at any wind speeds. The average inlet air temperature of ACCs increases the most for case-3, where the rotating speeds of the windward fans are raised. However, the smallest increment is occurred at the case-2, in which the fans speed raises to 86.9 rpm except the windward fans. Fig. 5 (b) shows the total mass flow rate of ACCs decreases with the promotion of the rotational speed of the windward fans. When the rotational speeds of all the fans are improved in case-3, the total mass flow rate increases remarkably at the small wind speeds but nearly remains be the same as case-0 at the lager wind speed about 15 m/s. Only improve the rotating speed of fans except for the windward ones in case-2, total mass flow rate increases obviously at all wind speeds but the growth trend decreases with increasing the ambient wind speed. According to the numerical simulated results, the back pressure of ACCs is calculated [15] , as shown in Fig. 5(c) . The improvement of the rotating speed of the windward fans in case-1 deteriorates the heat and transfer performances of ACCs. The raising speed of all the axial flow fans in case-3 is beneficial to the thermo-flow characteristics of ACCs at the low wind speed but it goes opposite at the high wind speed. For case-2, improving the rotating speed of fans except for the windward ones shows a clear decline in the back pressure of ACCs and a promotion of the heat and transfer characteristics of ACCs consequently.
In direct dry cooling power plant, the axial flow fans of the ACCs consume a large amount of the power from the generator and it is of significant value to optimize the net power between the axial fan consumption and the generated electricity. Moreover, the axial fans power consumption will increase due to the rotational speed rise. After improving the rotational speed of the fans in different zones, the running points of all the axial flow fans in the array will change because of the interactions among the fans. The output power of the generator will also change related to the alteration of the fan running mode. As a result, the net power of the power plant obtained from the difference of the axial flow fans power consumption and the output power from the generator is applied to judge the benefits of the power plant among the various cases, as shown in Fig. 5 (d) . It can be seen that the net power of power plant for case-1 is lower than that of the case-0. In other words, increasing the rotational speeds of the upwind axial flow fans will reduce the performance of the whole power plant and the disadvantages under windy conditions. When all the fans speed is raised to 86.9 rpm in case-3, the net power output increases at the small wind speeds but it decreases rapidly at the high wind speeds. While the rotating speed of fans except for the windward ones is 86.9 rpm in case-2, the beneficial net power is higher than that of case-0. It shows that raising the rotational speeds of the downstream axial flow fans will increase the fan power consumption in the wind direction of 90º. However, the thermo-flow characteristics of ACCs will improve due to the improvement of the mass flow rate of cooling air. Subsequently, the economic efficiency of the power plant will be improved which is demonstrated in the previous investigations.
Conclusions
This paper numerically studies the thermo-flow characteristics and net power output of a 2×600 MW direct dry cooling power plant after the rotational speed adjustment of axial flow fans which are located in different zones at various wind speeds and directions. The influence of axial fans rotational speed adjustment on the performance of ACCs as well as the whole power plant is demonstrated.
The figures of streamline and temperature contour fields of cooling air show that the ambient winds have sever adverse effects on the thermo-flow performances of the windward condenser cells. Especially, the reversed flow phenomenon occurs in the upwind condenser cells at high wind speeds, resulting in worse performances of the windward and the adjacent fans. And the fan power consumption increases correspondingly, which leads to lower final net power output of the power plant. Compared with other cases, adjusting the rotating speed of fans except for the windward ones in case-2 improves the heat and transfer performances of ACCs furthest, in which the inlet air temperature do not change much but the total mass flow rate is raised a lot. Even if the fans power consumption goes up, the net power of the power plant is still increased in the end. And that is to say the economy of the power plant would be improved.
